Phosphogypsum (PG) is an important industrial by-product derived from phosphoric acid and phosphate fertilizer manufactures by dehydrates process. Using Saccharomyces cerevisiae as a biosorbant for uranium (U), thorium(Th) and radium (Ra) from (PG) by Appling different carbon sources such as maltose, sucrose, starch, lactose, fructose and glucose. Starch, maltose and fructose media give most uranium biosorption capacity (13, 13 and 14 ppm) while in sucrose and glucose media give (20 and 22 ppm). Maltose and starch media give the highest thorium biosorption capacity. At the same time sucrose and glucose give moderate biosorption.
Introduction
Phosphogypsum (PG) is a waste by-product from the processing of phosphate rock by the ''wet acid method'' of fertilizer production, which currently accounts for over 90% of phosphoric acid production. World PG production is variously estimated to be around 100-280 million tons per year (Yang et al., 2009; Parreira et al., 2003) and the main producers of phosphate rock and phosphate fertilizers are located in the USA, the former USSR, China, Africa and the Middle East. The phosphate industry is also an important contributer to national economies in many developing countries.
The mineralogical composition of phosphate ore, as described by various researchers (Carbonell-Barrachina et al., 2002; Oliveira and Imbernon, 1998), is dominated by carbonate fluorapatite [Ca 10 F 2 (PO 4 ) 6 CaCO 3 ], goethite and quartz, with minor amounts of Al-phosphates, anatase, magnetite, monazite and barite. Heavy metals and trace elements such as cadmium (Cd) and nickel (Ni) are also detected. Phosphate ores are naturally highly radioactive, and their radioactivity originates mainly from 238 U and 232 Th. Phosphogypsum (PG) is an important industrial by-product derived from phosphoric acid and phosphate fertilizer manufactures by dehydrates process. The amount of this waste exceeds considerably than the mass of the product, because the amount of the waste PG being produced in the acid ranges from 4.5 to 5.5 ton per ton of P 2 O 5 in terms of dry matter. The Phosphogypsum (PG) is separated from the medium of dissolved phosphate ore in sulphuric acid by filtration. Whereas the major part of the pure P 2 O 5 is obtained from the sediment by means of a counter current washing with water (Guidelines for Management, 2014). Uranium is one of the most abundant radionuclides found in soils, sediments, and groundwater. Although biological activity cannot destroy or remove uranium, soluble and mobile U(VI) can be microbiologically precipitated and immobilized by its reduction to insoluble U(IV) oxide (Anderson and Lovley,2002; Lloyd,2003) Therefore, in situ microbial reduction of U (VI) to U (IV) is a promising bioremediation strategy for containing uranium plumes. Microbial U (VI) reduction has been observed in two major bacterial groups: the metal-reducing bacteria (e.g., Geobacter spp. . S. cerevisiae also shows some properties of uranium biomineralization through formation of a U(IV)-bearing precipitate during growth in a high-phosphate medium (Ohnuki et al. 2005 (2010) demonstrated that uranium interacted with yeast cell surfaces, as well as culture medium, and produced uranium precipitate on cell surfaces. It was proved that yeast extract was the best source for sulphate -reducing bacteria with phosphogypsum, followed by ammonium chloride. The presence of nitrate had an inhibitory effect on the process of sulfate reduction bacteria (Samia et, al 2005) . While It was demonstrated that anaerobic sulphidogenic microorganisms were isolated from soil polluted by oil-derived products and grown using the microcosms method. The cultures were grown in minimal and post gate media with phosphogypsum (PG) as the sole electron acceptor and with lactate, casein or lactose as the sole carbon source. The most effective was the assemblage in post gate medium with lactose as the sole carbon source. After growth, the residues were weighed and, in all cases, a distinct mass reduction of phosphogypsum was observed in comparison to the 6 g l −1 introduced to the medium. Diffractometric studies of the residues confirmed the presence of calcite and apatite. The presence of these mineral phases in the residues allows their application as agricultural fertilizers (Dorota et al., 2009 ). It was demonstrated that the biotransformation of phosphogypsum in culture reducing bacteria from crude petroleum-refining waste waters results 66% utilization of PG introduce into the culture (5g/L) which reflect the active biotransformation of PG by the community selected from the waste water (Wolicka et al., 2005) . The present work aimed to partially eliminate the radioactive elements by using Saccharomyces cerevisiae grown in different carbon sources such as maltose, sucrose, starch, lactose, fructose, and glucose.
Materials and Methods
-Materials: Phosphogypsum (PG) used in this work was obtained kindly from Abu-Zaabal Fertilizer Co., Cairo, Egypt as filter cake and directly dried in the sun. -Methods of analysis: The collected samples were identified through collaborative techniques of chemical analysis, such as spectrophotometeric techniques .and other applied techniques include: scanning electron microscope (ESEM) infra-red spectroscopy, XRF (X-ray fluorescence), and radiometric analysis.
A-Environmental Scanning Electron Microscope:
Environmental scanning electron microscope (ESEM), Philips XL 30 was applied for brief qualitative investigation of minerals in each sample for quick semi quantitative of the obtained products under the usual conditions are low vacuum (Erdmanna et al; 2000). An applied voltage from 5-30kV, the back scatter electron detector (BSE), and occasionally gas scatter electron detector (GSE) are used for photomicrographs. The attached unite of energy dispersive x-ray (EDX) is used to obtain the semi quantitative chemical analysis.
B-Infrared Spectroscopy:
Samples were subjected to infrared spectroscopy in order to determine the function groups of the samples. The model of IR spectroscopy is Naxux 670 FTIR, Company name (Nicollet) USA. The Range of spectrum was usually performed from 4000 to 400 Cm -1 , with Resolution 4Cm -1 (Peter, 2011).
C-X -ray Fluorescence:
The X-ray fluorescence technique, (XRF), was used to determine the trace element contents (Gravani et al, 2006 ) using PHILIPS X' Unique-II spectrometer with automatic sample changer PW 1510, (30 positions). This instrument is connected to a computer system using X-40 program for spectrometry. The trace elements concentrations are calculated from the program's calibration curves which were set up according to international reference materials, (standards). The trace elements were measured by calibrating the system under the conditions of Rh-target tube, LiF-420 crystal, gas flow proportional counter, (GFPC), coarse collimators, vacuum, 30 kV and 40 mA for the determination of Vanadium (V), Chromium (Cr), Cobalt (Co), Nickel (Ni), copper (Cu),Zinc (Zn) and Gallium (Ga), 70 kV and 15 mA, for Rubdium (Rb), Strontium (Sr), Yttrium (Y), Zirconium (Zr) and Niobium (Nb) and 100 kV and 10 mA for the determination of Barium (Ba) and Palladium (Pb), (Viswanathan, 1989). The detection limit is the lowest concentration, and it is function of the level of background noise relative to an element signal, (Norrish and Chappell, 1967). The detection limit for the elements measured by XRF technique is estimated at 2 ppm for Rubidum (Rb), Niobium (Nb), Gallium (Ga), Cobalt (Co), Yttrium (Y) and Strontium (Sr) and at 8 ppm for Palladium (Pb) and Copper (Cu) and 5 ppm for other measured trace elements.
D-Chemical analysis:
The chemical analyses of radiometric elements were carried out using measurements by portable gamma-ray spectrometer (model GS 256 and model GS-512 made in Czechoslovakia), with NaI (T1) detector of 75× 75mm
2 . This instrument also measures eU and eTh in their daughters in parts per millions (ppm). Uranium concentration was determined spectrophotometrically by Arsenazo Ш method after extraction using tributyl phosphate in toluene against regent blank at wave length 650nm (Marczenko,1986 ).
E-Radiometric analysis:
These samples were prepared for gamma-ray spectrometric analysis in order to determine their uranium, thorium, radium and potassium contents by using multi channel analyzer of -ray detector (Gamma-Spectrometer technique). The instrument used in determination of the four radioactive elements consists of a Bicron scintillation detector NaI (Tl) 76x76 mm, hermetically sealed with the photomultiplier tube in aluminum housing. The tube was protected by a copper cylinder protection of thickness 0.6 cm against induced X ray and a chamber of lead bricks against environmental radiation. Uranium, thorium, radium and potassium were measured by using four energy regions representing Th-234, Pb-212, Pb-214 and K-40 at 93 kV, 239 kV, 352 kV, and 1460 kV. The measurements were carried out in sample plastic containers, cylindrical in shape, 212.6 cm 3 volumes with 9.5 cm average diameter and 3 cm height. The rock sample was crushed to about 1 mm grain size, and then the container was filled with about 300-400 gm of the crushed sample sealed well and left for at least 21 days to accumulate free radon to attain radioactive equilibrium. The relation between the percentage of Rn-222 accumulation and time increase till reaching the steady stage after about 38 days (Matolin, 1991).
Biological system adaptation A-Source of Saccharomyces cerevisiae:
Saccharomyces cerevisiae used in this work was provided by EL-Hwamdiyah Company of yeast and sugar Giza, Egypt.
B-Media used:
Glucose-peptone-yeast extract agar medium consist of (g/L) Yeast extracts 3, Peptone 5, Glucose 10, Agar 15, and Dist. water 1000 ml. The pH of the media was adjusted to 7.5 by using pH -Meter model (schott. Germany). The instrument was calibrated before measurement using two successive standard buffer solutions (4 -7 or 7 -10), the obtained glucosepeptone -yeast-extracts agar media was melted and poured into Petri dishes and then left to solidify, by using a sterile inoculation needle a loop full of one of colonies was taken and streaked on the surface of the solidified agar plates, followed by incubation for 72 hours at 30 o C .sub culture was prepared by addition of pure Saccharomyces cerevisiae colonies on slants of glucosepeptone yeast agar .
C-Preparation of liquid media:
In the present study, fifty ml of Glucose-peptone yeast extracted previously from prepared medium were added to 50 gm of phosphogypsum in conical flask and incubated for 21 days at 30 o C, afterwards all flasks were sealed with removable cotton. After separation the media, the result of phosphogypsum was dried and weighted then subjected to XRF, chemical analysis for radiometric elements infrared analysis, and scanning electron microscope as mentioned before.
D-Cultivation Condition for Saccharomyces cerevisiae:
In the experimental work, a known weight of phosphogypsum sample (about 50 gm) was taken to the culture liquid media of usually 1000 ml. Several factors were tested during laboratory work such as different carbon sources like glucose, lactose, sucrose, starch and fructose. The usual amount of carbon source added was 20 g /L was either from glucose, sucrose, lactose, fructose and starch. These carbon sources were used separately in the preparation of media in each experiment.
Results and Discussion a)
A series of experiments were carried out and the results were measured for the prospected elements (as oxides) via Scan Electron Microscope. The results of the analysis are summarized in Table( 1) and presented in Figures  (1) comparing the elemental level in the control bulk sample and their levels after treatment with different carbon sources, it is obvious that , there is no pronounced effect (retention or decrease) in most elements through all the utilized carbon source except for P 2 O 5 , SO 3 groups which may be attributed to the nutrient nature of these anions (may be exhausted and concentrated as a natural bio feed for the organism), some cations such as Ca 2+ showed small decrease in the level with same carbon source which may be attributed to the same reason as the former groups. With respect to most of other cations one can judge that there are a marked increase for their elemental levels due to their concentration in the media after extracting others to compensate the weight formula of the substrate. In other words, Na, Al, Si, K and Fe in the sample give the same or higher concentration than the original sample in the most six carbon sources. Some elements can be detected after treatment due to the aforementioned reasons e.g. Mg, while the other could not be detected e.g Ti. Looking for U, Th, it was so clear that, a good trend for their extraction (retention or adsorption) under all utilized extraction conditions. b) The phosphogypsum samples resulted after applying different carbon sources were subjected to infrared (IR) analysis. The profiles of the different samples for different sources were collected and demonstrated in Fig (2) . All profiles give nearly the alcoholic hydroxyl group production, CO -imides group at 1636 -1641 cm -1 , C≡C, C≡N, N≡N and C-O-C on the other hand CH aliphatic noticed with all carbon source except for glucose which support the opportunity of glucose to be utilized during the course of the factor of different carbon source due to the presence of hydroxyl group alone without formation any interfering capturing groups which may increase the selectivity of the source. C) X-Ray fluorescence analysis for phosphogypsum samples after applying different carbon source is gathered and manifested in Table ( 2). From the table it is clear that sulphar represented the major cationic constituent of the experiments course with different carbon sources. While calcium came as minor constituent in all experiments further trace elements nearly the same during all experiments like (Mn, Cr, Cu, Zn, Sr, Y, Zr, Si, Fe, K and Ti) compared with the bulk sample. Applying lactose sugar as carbon source gave the same major (S) and minor (Ca) elements as the major sample while rubidium appeared and Ag, Pd disappeared in trace element group using Xray fluorescence analysis. The entire utilized carbon sources give the same results for major and minor analysis as the major samples, namely sulphar and calcium respectively. Analysis of phosphogypsum sample after treatment while using glucose sugar as carbon source prevails the presence of Ni and absence of Pd and Ag when compared with the original untreated control sample as shown in Table ( 2). Sucrose results appear Rb and Cl and disappear of Pd and Ag. While in starch utilization as carbon source after treatment assure the absence of Pd and Ag without the appearance or concentration of other cations and anions. Niobium and rubidium were detected when using other carbon source (Fructose sugar) in the same time Nb and Rb in addition to Ni were detected with maltose. While Pd and Ag were undetected during the application of the last two sources of carbon, namely fructose and maltose manifest the ability of Saccharomyces cerevisiae to concentrate conditions of culture. d)-Chemical analysis of the sample after treatment with different carbon source for uranium and thorium is presented in Table ( 3). From the results it is obvious that U and Th content is lowered with all carbon source except in lactose, for more precise inspection of the results, one can notice that starch and maltose experiments gave the same order of results for U and Th namely 13 ppm for U and 6, 4 ppm for Th while the control sample (bulk) gave 35 and 17 ppm for U and Th, respectively. The same situation was noticed for glucose and sucrose results, 22 and 20 ppm for U and 8 and 7 ppm for Th, respectively. Fructose lowers the uranium concentration from 35 ppm to 14 ppm and concentration from 17 to 9 for Th. e)-Radiometric analysis of the control untreated sample and the treated samples after utilizing different carbon sources for uranium, thorium and radium is prevailed in Table (4): The same decreasing U and Th concentration trend with observed overall the different carbon sources. The particular differences between the experimental results that starch, lactose, fructose and glucose experiments gave nearly the same U retention results 22, 22, 23, and 24 ppm respectively compared with the original untreated sample with 45 ppm for uranium concentration, while sucrose and maltose experiments gave 17 and 18 ppm Uranium. In the same time fructose and sucrose experiments result in the lowest thorium concentration 2 ppm compared with the control untreated sample of 13 ppm thorium concentration. While starch and glucose experiments results were 6 ppm for thorium. Maltose and lactose experiment give 4 ppm and 9 ppm for the persisted thorium. Radium geometric analysis for the original untreated sample gave 15 ppm while cultured phosphogypsum samples using glucose and lactose as carbon sources gave 18 ppm for each, which increase the concentration of the element. Experiments of sucrose result in Ra concentration about 29 ppm a double elemental value. Starch, maltose and fructose experiments give a bit lowered radium value i.e. 11, 12 and 13 ppm respectively. The results obtained from the present study showed that: -Na 2 O showing increases in the six types of sugar (starch, maltose, glucose, sucrose, lactose and fructose) and reach its higher value in sucrose media.
Discussion
-MgO recorded higher value in sucrose media with higher value in other five types.
-Al 2 O 3 recorded in glucose medium was higher than these of lactose, Maltose, starch and sucrose. Cadmium, copper, zinc, chromium, nickel, silver and uranium, etc . have been studied much more than cobalt, molybdenum, iron, manganese, radium selenium, lanthanide, precious metals.
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Summary and Conclusion
Saccharomyces cerevisiae was utilized as microorganism to work on Th, U and Ra which represented the main radioactive components of the phosphogypsum samples. Many analytical techniques were applied to find out and monitor all the changes in the phosphogypsum samples correlated to the change in radioactive elements levels after each experiment e.g. IR, XRF, Chemical analysis for radiometric elements, Geometric analysis and scan electron microscope. From the obtained data it was found that U, Th content in phosphogypsum sample were decreased markedly after treatment with all kinds of carbon sources especially with starch, glucose and fructose. Radium content in the same time was increased slightly in most cases. From these data Saccharomyces cerevisiae may be utilized under certain circumstances for U and Th biosorption from phosphogypsum samples. 
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